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http://dxEndografting for the treatment of thoracic aortic pathology continues to gain popularity; in some countries, num-
bers of endovascular aortic repairs now exceed those of open surgical cases. The skills and understanding of
open surgical teams are not always translated into endovascular intervention teams, which may be led by car-
diologists or vascular surgeons with little knowledge of thoracic pathology. Our experience with more than
400 thoracic interventional cases leads us to believe that that the cardiovascular surgeon is crucial to the success
of any thoracic endovascular aortic repair program. Experienced surgeons should be involved in preoperative
planning of cases, assessment of access vessels, creation of landing zones with revascularization procedures,
passage of stents through the thoracic aorta, and protection of the spinal cord. In addition, surgeons should
be familiar with the most common complications of thoracic endovascular aortic repair and be able to use
both open surgical and endovascular strategies for complication management. (J Thorac Cardiovasc Surg
2013;145:S149-53)Endografting to treat disease of the thoracic aorta was first de-
scribed by Dake and colleagues1 almost 20 years ago. Since
that time, a number of publications have demonstrated the
safety of endografting in the thoracic aorta.2-4 In the
developed world, the number of thoracic stent-grafts being
placed is rising rapidly, and in some countries it now exceeds
the number of open procedures being performed on the tho-
racic aorta.5 Coincidentally, the management of thoracic aor-
tic disease may be moving from its traditional base in
cardiovascular surgery to clinicians with less experience in
open thoracic procedures, such as cardiologists and peripheral
vascular surgeons.Our15-year experiencewithmore than400
thoracic endografts leads us to believe that the cardiovascular
surgeon is a vital component in a thoracic endovascular aortic
repair (TEVAR) team and should bring his or her understand-
ing of the thoracic disease to all stages, fromplanning through
TEVARplacement, and to adjunct techniques from protection
of the spinal cord to specific postoperative care. In addition,
we believe that all surgeons involved in TEVAR should be
aware of the common complications and be able to manage
both open surgical and endovascular strategies for correction.
The term TEVAR in this article will be used to include
placement of an endovascular stent to treat anyof the common
thoracic aortic pathologies (aneurysm, dissection, penetrating
ulcer, trauma, etc). TEVAR is most often an aortoaortic tube
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The Journal of Thoracic and Cardstraightforward than endovascular aneurysm repair for ab-
dominal aortic disease, which usually requires an aortoiliac
bifurcated system. In practice, however, decision making be-
fore and during TEVAR is usually more complex than for en-
dovascular aneurysmrepair for abdominal aorticdisease.This
is because of thewide rangeof pathologies thatmaybe seen in
the thorax, the potential impact of covering supra-aortic
branches, difficulty with access through the iliofemoral ar-
teries, tortuosity in the thoracic aorta itself (Figure 1), and
the nature of patients with thoracic aortic disease.PLANNING FOR TEVAR
In our practice, high-resolution computed tomographic
(CT) scanning is the primary investigative tool used for pre-
operative planning and TEVAR preparation. Other cross-
sectional modalities, such as magnetic resonance imaging,
may be used; in our experience, however, the CT scan im-
age allows easy interpretation by most members of the sur-
gical and radiology team. This in turn makes planning
discussions transparent and understandable. CT imaging
should always extend from the supra-aortic vessels to the
common femoral arteries. Multiplanar reconstructions of
the data set are needed for the best assessment of the shape
of the diseased thoracic segment and to provide details of
proximal and distal landing zones (Figure 1). A variety of
planning-specific software packages are available; these
usually import the CT data and use preset parameters to re-
construct images automatically and make measurements
easier. In our experience, this type of system is useful for
highly complex endografts, such as fenestrated or branched
devices, but is rarely needed for straightforward TEVAR. In
many of our cases, the proprietary software supplied with
a contemporary CT scanner is sufficient for accurate imag-
ing and planning of TEVAR interventions.
Highly angulated segments of the aorta can be particularly
challenging (Figure 1). Although there have been significant
improvements in delivery device design by most if not all
stent-graft manufacturers, knowledge of device-specificiovascular Surgery c Volume 145, Number 3S S149
FIGURE 1. Multiplanar reconstruction of computed tomographic data
showing tortuous anatomy in the thoracic aorta distal to a postdissection
aneurysm. This kind of problem can be difficult to negotiate with
a large-caliber stent-graft delivery system. Knowledge of individual tho-
racic endovascular aortic repair device characteristics, as well as adjuncts
such as dual (‘‘buddy’’) stiff wire passage and large sheath use, can be in-
valuable in overcoming such problems. Rupture is always a possibility.
FIGURE 2. High angulation at the proximal landing zone in a case of tho-
racic aneurysm. In this case, the shape of the aortic arch dictates the landing
zone. A minimum of 10 mm of relatively straight, nonaneurysmal aortic
wall with limited mural thrombus is required for sealing with most devices.
Angulation requires relatively greater length to secure a seal. The device in
this case can be seen to be sitting away from the inferior arch wall, reducing
the length of the seal.
Panel 3 Cheshire and Bicknellcharacteristics or use of delivery sheaths is often a necessary
requirement for the positioning of stent-grafts. Consider-
ation of placement from above (through axillary or subcla-
vian artery access) may occasionally be needed.
To assess the iliac arteries for access, a combination of
multiplanar reconstruction and cross-sectional imaging is
best in our experience. On cross-sectioning, particular at-
tention should be paid to the diameter of the external iliac
arteries (EIAs). Healthy, noncalcified vessels can usually
easily accommodate a delivery system 1mm larger in diam-
eter than the vessel size (eg, a noncalcified 6-mm external
iliac artery will usually allow passage of a 21F [7 mm] sys-
tem). Heavily calcified external iliac arteries, or those with
significant focal stenosis, will only allow device passage if
their native diameter is significantly larger than the device
size. Great care should be exercised when planning TEVAR
in female patients with iliac artery disease; this is a group in
which injury can commonly occur.
Focal iliac stenosis can be considered for preoperative
angioplasty. This is most valuable in common iliac disease.
The accepted wisdom is to balloon dilate the vessel first,
followed by stent-graft passage. If an iliac stent is required,
this should be placed after the stent-graft procedure. In our
series, fewer than 2% of patients have undergone preinter-
vention angioplasty, with a low rate of iliac injury.S150 The Journal of Thoracic and Cardiovascular SurMultiplanar reconstructions of the iliac arteries will best
demonstrate the degree of tortuosity. We find iliac convolu-
tions to pose less of an access problem than stenosis or cal-
cification; commonly the iliac system, when not overly
diseased, will straighten out when a stiff guide wire is
passed through. Highly angulated iliac vessels (90 or
more) or those with several angles can be more difficult to
pass through. This is particularly relevant when orientation
of a fenestrated, branched, or scalloped device is used.
In patients with disease limited to the descending aorta,
10 mm of healthy proximal and distal aortic landing zone—
with parallel walls and minimal adherent thrombus—will
usually suffice for a seal with the commonly available
stent-graft systems andwill rarelymigratewith active fixation
(barbs, hooks, or pins). It is important that the segment does
not contain an angle greater than 45 if a 10-mm landing
zone is to be accepted. Steep angles, adherent mural throm-
bus, or both require respectively greater lengths as a sufficient
sealing zone. This is particularly relevant at the proximal end
when the disease is close to the aortic arch. Highly angulated
arch shapes are common with large aneurysms (Figure 2).gery c March 2013
FIGURE 3. Use of a 10-mm diameter Dacron polyester fabric access con-
duit in the case of a small-caliber, calcified external iliac artery in a female
patient. The conduit was sutured end to side to the common iliac artery,
accessed through a muscle-splitting incision in the iliac fossa, and brought
out in a straight line through a stab incision in the bodywall. It is simplest to
clamp the end of the graft and use needle access through the Dacron fabric
to maintain hemostasis.
FIGURE 4. Angiogram showing extravasation of contrast from iliac
artery rupture. This complication should be suspected whenever small-
caliber iliac arteries have been cannulated or when intraoperative device
passage difficulties are encountered. On-table angiography before removal
of the delivery system can be used for diagnosis. Never remove the device
until control has been achieved, usually with an occlusion balloon passed
into the lower aorta from the contralateral femoral artery.
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There are a number of advanced endovascular techniques
that can be used to overcome heavily diseased and calcified
EIAs. These include multiple sites of angioplasty, either
directly to the vessel or from within a covered stent-graft
(so-called ‘‘cracking and paving’’ technique6).
We have used many of these techniques in our series, but
we preferentially use an iliac surgical conduit. This is rela-
tively easy to perform. Although the length of stay of
patients may be increased using this technique, the rates
of iliac injury are reduced significantly.7 We prefer an obli-
que, muscle-splitting incision in the appropriate iliac fossa
followed by blunt extraperitoneal dissection to expose
the iliac arteries. We prefer end-to-side anastomosis of
a 10-mm Dacron polyester fabric graft onto the common
iliac artery, with the prosthesis brought out through a stab
incision in the body wall. We have found that clamping
the end of the graft and puncturing it de novo (Figure 3)
is the most efficient method to control direct bleeding
from access through an iliac conduit. At the end of the pro-
cedure, we oversew a short stump of the conduit unless we
have concerns about infection. In cases where there is suf-
ficient concern that reintervention will be required, it may
be useful to anastomose the distal end to the common fem-
oral artery (as an iliofemoral bypass), which can later be
used for access through the groin. In our practice, however,
this is rarely used.COMPLICATIONS OF ILIAC ARTERYACCESS
Rupture
When preoperative imaging suggests small or complex
EIA access, or when intraoperative findings suggest iliacThe Journal of Thoracic and Carddifficulty, it is important to maintain a high level of suspi-
cion of iliac artery injury. Every surgeon who has been in-
volved in significant numbers of TEVAR procedures has
seen the iliac artery, usually as the device is removed at
the end of the procedure, bringing a length of the EIA
with it.
When iliac artery injury is suspected, the key is early de-
tection and prevention of hemorrhage. Before removing the
large caliber-delivery sheath and stiff wire—but with the
device withdrawn into the very distal EIA—angiography
should be performed to look for extravasation (Figure 4).
If the EIA has been ruptured, the device must not be
removed. Control of distal iliac flow can be obtained by
placement of a large-caliber occlusion balloon through the
opposite femoral artery. This balloon can be used to occlude
the distal aorta before the ipsilateral delivery system is re-
moved. With sufficient endovascular experience, a covered
endograft can often be used to repair the disruption. It
should be standard practice to include aortic occlusion
balloons and covered stent-grafts for iliac repair in the
emergency equipment stock for TEVAR. Alternatively, if
devices or experience are not available, a surgical incisioniovascular Surgery c Volume 145, Number 3S S151
Panel 3 Cheshire and Bicknellcan be made in the iliac fossa, and open repair can then be
undertaken in a relatively blood-free field.
Occlusion
Large-caliber delivery systems passing through the iliac
system can result in lower limb ischemia, most usually as
a consequence of iliac dissection. Suspicion should arise
during removal of the endovascular system if there is not
vigorous flow into the surgical field in the groin. As with
rupture, a high level of suspicion appropriate to thorough
knowledge of the preoperative anatomy and intraoperative
problems should be maintained. Whenever a problem is
suspected, a key point is not to lose the position of the
wire across the arterial segment until the diagnosis has
been confirmed.
Occlusion of the iliac artery, or of the common femoral
artery, can be dealt with by either endovascular or open sur-
gical means. For iliac dissection—in the common iliac ar-
tery or the EIA—a bare metal stent can usually be used to
pin back the dissection flap and maintain flow. More rarely,
open surgical repair may be needed.
In the common femoral artery, patch repair of the arterio-
tomy, with or without endarterectomy, is usually sufficient
to restore normal flow into the leg. Sometimes this may
be supplemented by embolectomy with balloon catheters
with or without angiographic imaging.
Rarely, in prolonged procedures with occlusion of the
arterial supply of the lower limb for longer than 6 hours
(usually during complex fenestrated or branched stent-
graft procedures dogged by complications), late ischemia
may ensue after reperfusion, with compartment syndrome.
In such cases, fasciotomy incisions are mandatory.
Bleeding
After large-caliber access for TEVAR, the clinical team
must remain aware of the risk of groin vessel bleeding.
This can be overt bleeding, either into the bed or into the su-
perficial tissues, which is usually easily detected by ward
staff. Alternatively, bleeding can be covert, usually into
the retroperitoneal space. The latter possibility should al-
ways be considered if a patient is in unstable cardiovascular
condition after TEVAR. If clinical signs are equivocal,
urgent CT scanning should be used to diagnose retroperito-
neal hematoma. Surgical exploration and repair are usually
indicated, because significant arterial injury after passage of
large delivery devices must excluded.
SPINAL CORD PROTECTION
The incidence of spinal cord injury after TEVAR is at
least 3% and may be as high as 6%.8,9 Understanding
spinal cord protection is vitally important for safe TEVAR
and is an area of which cardiologists or peripheral
vascular surgeons may have little knowledge. Recent
evidence demonstrates that the extent of endograftS152 The Journal of Thoracic and Cardiovascular Surcoverage, presence of previous aortic reconstruction
(proximal or distal to the TEVAR site), and patency of the
left subclavian and hypogastric arteries may all be
important in stratifying cord injury risk.9-11 Few
endovascular centers have experience of intraoperative
spinal cord monitoring, something we have recently called
for in high-risk cases.12 We are able to draw on our own
and others’ experiences with methods to protect the spinal
cord.13 The importance of cerebrospinal fluid drainage
and management of the systemic arterial blood pressure is
still poorly understood after TEVAR. Although this is com-
mon practice, it requires strict protocols to avoid error,
which may have disastrous consequences. Other mecha-
nisms that may be useful include reducing spinal cord me-
tabolism during and immediately after intercostal and
lumbar artery coverage. During TEVAR cases performed
under general anesthesia, this may be an appropriate strat-
egy, especially for patients at high risk for spinal cord injury.
SUMMARY
In the near future, TEVAR techniques may replace many
of the indications for open surgery in the thoracic aortic seg-
ment. Clinicians with endovascular skills but without expe-
rience of thoracic aortic surgery should only undertake
TEVAR as part of a team that includes a cardiovascular sur-
geon. Surgeons should be involved and should be aware of
all techniques needed for TEVAR planning and stent place-
ment. They should be involved in spinal cord risk assess-
ment and protection and should be aware of both open
and endovascular techniques that can be used to overcome
the most common complications of TEVAR.
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